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INTRODUCTION
The rising prevalence of childhood obesity since the 1980s has been marked (1) (2) (3) (4) . This problem has been identified in low-and middle-income countries as well as affluent countries (5) (6) (7) . In 2004, it was estimated that over 170 million children worldwide under the age of 18 were overweight (8) . Obesity tracks from childhood into adulthood and results in an increased risk for diabetes and cardiovascular disease, stroke and several cancers (9, 10) . This has motivated the development of the World Health Organization (WHO) Commission in Ending Childhood Obesity (11, 12) .
The causes of obesity are multifactorial (13) . Dietary and physical activity patterns are considered to be important factors in the development of overweight and obesity as they are modifiable components of the energy consumption and expenditure equation that results in weight maintenance or weight change of individuals.
Studies investigating associations between children's physical activity levels and body mass index (BMI) have produced mixed results. In one instance, increasing levels of vigorous exercise were associated with increased fitness and leanness in adolescents (14) , while in another study low exercise levels and high sedentary levels were associated with increased risk of overweight in boys while sedentary 
Key notes
Vigorous physical activity is considered to be a modifiable component of the energy consumption and expenditure equation which results in weight maintenance or weight change in individuals. Increasing levels of reported vigorous physical activity were associated with a higher body mass index (BMI) in children and adolescents. A focus on vigorous physical activity alone may be an inefficient way to manage BMI in children and adolescents.
behaviours seemed more important than physical exercise with respect to overweight status in girls (15) . Interventional studies to reduce overweight and obesity in children have tended to include both nutritional and exercise interventions (16) , although one study reported that exercise alone had no effect on BMI despite improving fitness levels (17) .
The International Study of Asthma and Allergies in Childhood (ISAAC) Phase Three is a multinational multicentre study that has previously collected data on heights and weights of children aged 6-7 years and 13-14 years as well as reported weekly episodes of vigorous physical activity (VPA) (18) . Although originally designed to measure time trends in the prevalence, severity and risk factors and the development of asthma and allergies, ISAAC Phase Three has provided us with the opportunity to investigate the relationship between reported VPA and BMI across a range of countries in both children and adolescents.
This study is an analysis of the reported frequency of VPA in children and adolescents, and its association with BMI. We hypothesised that children and adolescents reporting higher levels of VPA would have lower BMI values.
PATIENTS AND METHODS
International Study of Asthma and Allergies in Childhood is a multicentre, multicountry, multiphase, cross-sectional study investigating the prevalence of the symptoms of asthma, rhinoconjunctivitis and eczema, and the role of risk factors, as previously described (18) . ISAAC Phase Three used a standardised core questionnaire on symptoms of asthma, rhinoconjunctivitis and eczema, and included an optional environmental questionnaire (EQ) to collect potential risk factor data including participant height, weight and VPA. The EQ was translated from English into the local language for all centres, and back-translated to English after completion using study-specific translation guidelines (18) . The adolescents self-completed their questionnaires and parents or guardians completed questionnaires for the children. Phase Three was undertaken between 2001 and 2003. The questionnaires are on the ISAAC website and can be accessed at the following url: http://isaac.auckland.ac.nz. As this is a secondary analysis of pre-existing data, ethics approval was not sought for this study.
Main outcome variable -body mass index Height and weight were reported by the parents of the children and were self-reported by adolescents. In some centres, each subject's height and weight were measured objectively, although there were no standardised or specific instructions for doing this. BMI was calculated (weight (kg)/height (m) 2 ).
Explanatory variables
The frequency of reported VPA undertaken by study participants was assessed using the following question:
'How many times a week do you (does your child) engage in vigorous physical activity long enough to make you (him/ her) breathe hard?' Participants categorised their answers as 'Never or occasionally' (no VPA), 'Once or twice per week' (infrequent VPA) or 'Three or more times per week' (frequent VPA). Country gross national income (GNI) was included in the model to identify whether this influenced any associations between reported VPA and BMI (13) . This was based on the 2006 World Bank categories of high-, high middle-, low middle-and low-income countries, dichotomised into highincome (high-plus high middle-income) and low-income (low middle-plus low-income) categories.
Participants
Complete data for height, weight and reported VPA variables were submitted for 214 706 children (73 centres in 32 countries) and for 362 091 adolescents (122 centres in 53 countries).
Only centres that provided >70% data for reported VPA were included in our analyses. Within these centres, individuals without complete age, sex, height, weight or VPA data were excluded.
Data cleaning
To preserve as much BMI data as possible, but also to eliminate likely erroneous data, we applied the following thresholds:
For children in each centre, those in the top and bottom 0.5% of weights and heights and those with heights less than 1.0 metre were excluded. Children with BMI less than 9 kg/m 2 and greater than 40 kg/m 2 were excluded. For adolescents in each centre, those in the top and bottom 0.5% of weights and heights and those with heights less than 1.25 metres were excluded. Adolescents with BMI less than 10 kg/m 2 and greater than 45 kg/m 2 were excluded.
Following sequential application of the exclusion and data cleaning criteria described above, 75 895 children (31 centres/18 countries) and 199 502 adolescents (74 centres/ 36 countries) were included in the final analysis ( Fig. 1 ).
Statistical analysis
Body mass index met normally assumptions in both age groups, and was assessed using a general linear mixed model with centre as a random effect and GNI for each country, the individual's age, sex, measurement type and reported VPA variable as fixed effects. The BMI reference values reported are the modelled means for the no VPA groups in the children and adolescents, respectively.
Further analyses were undertaken separately for children with objectively measured heights and weights due to a statistically significant interaction found between measurement type and VPA, with a slightly different pattern of BMI difference in VPA groups compared to the overall analysis of children's BMIs. In adolescents, statistically significant interactions between sex and VPA and GNI and activity were found. However, because the pattern of BMI change between VPA groups was consistent with the overall analysis, subanalyses were not reported. SAS (v9.3, SAS Institute, Cary, NC, USA) was used.
RESULTS

Reported vigorous physical activity
For reported VPA in children, 45% were in the no VPA group, 35% were in the infrequent VPA group, and 21% were in the frequent VPA group. The proportion of those who reported frequent VPA ranged from 45% in Spain to 2% in Lithuania ( Fig. 2A) . For reported VPA in adolescents, 28% were in the no VPA group, 45% were in the infrequent VPA group, and 27% were in the frequent VPA group. The proportion of those who reported frequent VPA ranged from 51% of adolescents in Canada to 5% in Lithuania (Fig. 2B) .
Associations between reported vigorous physical activity and BMI Children Figure 3A shows the difference in BMI (kg/m2) between children in the no VPA group and children in the infrequent VPA and frequent VPA groups in each centre. In the analysis using the three separate groups, after controlling for country GNI, centre, age, sex and measurement type, the infrequent VPA group had a BMI 0.07 (95% CI 0.03-0.11) kg/m 2 greater than the no VPA group and the frequent VPA group had a BMI 0.09 (95% CI 0.03-0.15) kg/m 2 greater than the no VPA group, with an overall p value of 0.001 (Table 1) . When data were analysed with objectively measured heights and weights only, the infrequent VPA group had a BMI 0.07 (95% CI À0.03 to 0.03) kg/m 2 smaller than the no VPA group and the frequent VPA group had a BMI 0.08 (95% CI À0.02 to 0.18) kg/m 2 greater than the no VPA group (overall p value 0.01). Figure 3B shows the difference in BMI (kg/m 2 ) between adolescents in the no VPA group and those in the infrequent and frequent VPA group in each centre. In the analysis using the three separate groups, after controlling for country GNI, centre, age, sex, measurement type, the infrequent VPA group had a BMI 0.19 (95% CI 0.15-0.23) kg/m 2 greater than the no VPA group, and the BMI of the frequent VPA group was almost the same as the no VPA group (Table 1) .
Adolescents
Statistically significant interactions were found between sex and reported VPA activity and GNI and reported VPA, but when these subgroups were analysed separately, the same pattern of highest BMI in the infrequent VPA group and little difference between the BMIs of those in the frequent VPA and no VPA groups remained.
DISCUSSION
Contrary to our hypothesis, infrequent and frequent reported VPA were associated with higher BMI values compared to no VPA in children, although the difference in mean BMI was small. In adolescents, infrequent VPA was associated with higher BMI values than no VPA, while there was no difference in mean BMI between those reporting frequent VPA and those reporting no VPA. In this study, frequent VPA (three or more times per week) was reported by 21% and 27% of children and adolescents, respectively. These findings indicate that most children do not achieve the levels of exercise recommended by the WHO (daily moderate to vigorous physical activity, mostly aerobic, for a minimum of 60 minutes) (19) . The public health relevance of these findings is important, as they suggest that VPA alone is not the major determinant of BMI in children and adolescents and that this is the case across a range of countries with different cultures and incomes. Our finding of slightly higher mean BMI values among children in the infrequent and frequent VPA groups (+0.07 kg/m 2 and +0.09 kg/m 2 , respectively), compared to the no VPA group, while statistically significant, is of uncertain clinical significance, as are the results after restricting the analysis to those children with objectively measured heights and weights. The pattern of BMI change in the objectively measured group was inconsistent (À0.07 kg/m 2 and +0.08 kg/m 2 in the infrequent and frequent VPA groups, respectively), possibly due to a reduction in power through analysing the smaller subsample. Adolescents in the infrequent group had a higher BMI (+0.19 kg/m 2 ), while those in the frequent group had a very similar BMI (+0.01 kg/m 2 ) compared to those reporting no VPA. In the most direct comparison to this study, Janssen and colleagues found that self-reported physical activity was associated in a dose-response manner with lower BMI (based on self-reported heights and weights) in 136 000 youths aged between 10 and 16 years of age in 29 of 34 countries (20) , nine countries of which are in common with our study. Possible reasons for the difference between Janssen's findings and our own include the fact that Janssen's group ranged from 10 years of age to 16 while our participants were concentrated at 13 and 14 years of age, a time when BMI and body composition can change rapidly in both males and females (21) . In one study investigating VPA and body fatness in adolescents, it was found that those who engaged in large amounts of VPA were more likely to be fit and lean (13) . A study of the effects of physical activity in 6-to 10-year-old children found that girls significantly reduced waist circumference, skinfold measurements and fat-free mass but not BMI, while in boys there were significant reductions in only z-BMI and fat-free mass (22) . While other studies have investigated the associations between VPA and BMI, this has often been in the context of additional factors such as sedentary activities (14, 23) , or in the context of multifactorial interventions (15) .
It is possible that in both age groups, those engaging in higher levels of VPA have a higher muscle mass than those reporting no VPA, resulting in a slightly higher BMI in the infrequent and frequent VPA groups. There may also be a degree of reverse causation where those individuals with higher BMIs are already engaging in higher amounts of VPA in order to moderate their weight. These findings are consistent with the concept that in the context of overall energy intake and expenditure, VPA alone may in fact have only a limited influence on BMI, and is perhaps more a A B Figure 3 The difference in BMI (kg/m2) between children and adolescents who reported no vigorous physical activity and those who reported infrequent or frequent vigorous physical activity on a weekly basis by centre. Children are represented in panel (A) and adolescents are represented in panel (B). The proportion of participants who reported frequent vigorous physical activity is shown in parentheses after each country. The solid dots represent centres with reported heights and measures and the circled dots represent centres that measured heights and weights.
moderator of the trajectory of weight gain (24) . Additionally, in the initial phases of exercise programmes, high levels of activity can result in weight loss, but there is often a longer-term compensatory increase in food intake, and such weight losses are generally not sustained, which may also be reflected in these results (25) .
The main strength of this study is the large number of participants who provided data (75 895 children and 199 502 adolescents) even after elimination of centres with response rates of <70% to the VPA questions. It is possible that nonresponders and the exclusion of centres with <70% response rates may have led to some bias in our results, the degree of which is uncertain. As the initial study was investigating putative risk factors for asthma, there is no reason to suspect that nonresponders and those with data excluded will differ substantively with respect to VPA and BMI from those included. Data were included from a large number of participants from centres in numerous countries with quite different levels of income and cultures and it is likely that the findings are generalisable to many populations. As with all studies of this kind, there are a number of other methodological limitations to take into account which can be categorised into three broad areas; the definition and measurement of VPA, use of BMI as the primary outcome variable and the use of other covariates. With respect to VPA, the definition in the questionnaire is one that required participants to 'breathe hard'. Exercise that 'makes you breathe hard' is likely to be influenced by BMI as much as the nature of the activity, and thus, those with higher BMIs may respond positively to this question, while those with lower BMIs who did the same activity without breathing hard may not have counted this as VPA. This may have skewed the results towards higher levels of VPA in participants with a higher BMI. The retrospective recall of VPA is subject to recall bias, in that participants with higher BMIs may have over-reported their VPA, which may also have skewed the results towards higher levels of VPA in participants with higher BMIs. Accelerometers that would have allowed objective assessment of activity frequency and intensity were not used in this study. With respect to BMI, heights and weights were reported by the parents of children and by the adolescents themselves. Past research has shown that differences between actual weight and self-reported weight can be greater for obese children and adolescents compared with nonobese (26) , which is likely to have skewed results in the direction we have found. We were limited to the use of BMI as the outcome measure for this study rather than objective measures of fat mass or body composition, as only information on heights and weights was collected in this study. Different measures of body composition, such as underwater weighing, air displacement plethysmography or Fat Mass Indexes, may have shown a different pattern of association with VPA. However, calculation of BMI from measured or reported heights and weights is a cost-effective way to assess large crosssectional samples such as the one we are reporting. Finally, we have not adjusted for confounding variables such as dietary intake which forms the second arm of the important energy equation associated with overweight and obesity, and it is difficult to predict how this may have affected our findings.
CONCLUSIONS
This study has demonstrated that reported vigorous physical activity is not associated with lower BMI among children and adolescents. Investigation of VPA and BMI is best undertaken in conjunction with other variables in the energy expenditure equation. This highlights the multifactorial nature of overweight and obesity in children and adolescents, and the likelihood that VPA alone may be an inefficient way to address overweight and obesity in this age group. 
